to the eventual sensory quality of the brews. Therefore, sensory evaluation 17 is a crucial important tool to determine the drinking quality of the coffee.
18
In the coffee industry, sensory quality grading of brewed coffee, usually re- Generally speaking, expert cupping is more anchored in the product grad- analysis with trained panelists, leading the authors to the conclusions that 52 these two approaches are not interchangeable.
53
Another notable difference from sensory evaluation is that the quality 54 judgments in cupping combine an overall quality scale (presumably reflect-55 ing consumer dislikes) with diagnostic information about defects, whereas 56 in mainstream sensory evaluation these two functions (descriptive and con-57 sumer) would be typically separated in two distinct tests with different re-58 spondents (Lawless and Heymann, 2010) . Assuming that the opinion of a 59 single (or a few) expert can effectively predict consumer preferences is ex-60 tremely questionable: in fact, particularly for coffee, recent evidence indi-61 1 Shortly after this study was conducted, a standardized vocabulary for coffee evaluation had just been released based on a comprehensive work carried out at Kansas State Univesity (https://worldcoffeeresearch.org/work/sensory-lexicon/).
cates that quality evaluations performed by coffee experts do not necessarily 62 correspond to consumer preferences (Giacalone et al., 2016) .
63
A final problematic aspect with cupping protocols is the use of holis-64 tic quality attributes that rely substantially more on the experts' product 65 knowledge and expectations regarding what is desirable in a coffee (simi-66 lar to typicality judgments for wine), rather than on clearly defined sensory 67 properties. Specifically, the chosen strategy was to focus on six distinct roasting pro- 2. An exploration of the relationship between the instrumental and sen-107 sory data, in order to evaluate the degree to which the aroma compo-108 sition is predictive of the perceptual quality of the coffee; author, to be part of SCAE roasting certification system, which provides a 130 systematic framework for evaluation of roasting defects (Münchow, 2016) . is first heard during roast), and time after first crack, which represent the 134 roasting phases were the beans undergo significant the most significant chem-
135
ical and physical changes -see Schenker et al. (1999 Schenker et al. ( , 2000 for an overview.
136
A visual representation of the variation in time-temperature profiles is given
137
in Figure 1 , whereas detailed roasting conditions are reported in Table 1 .
138
Figure 1: Plot of temperature development over time for the six roasting profiles
The main characteristics of the six roast profiles are the following: expectedly results in a coffee brew that could described as smoky or 186 burnt.
187
All in all, the sample space obtained can be sees as reflecting a consen-
188
sus representation among coffee professionsals of common roasting defects,
189
whereas the Normal reference would be regarded as clean (free of defects).
190
Admittedly, the definition of the six roasting profiles took as point of depar- 
Brewing

195
Sample preparation for the GC-MS analysis is described in Yang et al.
196
(2016). This section describes brewing procedures using in relation to the 197 sensory and consumer tests.
198
The packaged coffee beans were ground the day of serving using an elec- 
Aroma composition analysis (GC-MS)
221
Analyses of volatile aroma compounds was conducted using a trace 1300
222
Gas Chromatograph-Mass Spectrometer (Thermo Fisher Scientific, Hemel
223
Hemptead, UK). Volatiles were identified by comparing their mass spectrum
224
with that of authentic compounds and/or with spectra in reference libraries.
225
Concentrations was calculated with use from the internal standard and ex- Table 4 shows the results of the ANOVA analyses on the DA data. All but 311 two attributes (nutty and caramel ) were found to significantly discriminate 312 between the samples.
313
The PCA scores and loadings plot for the model using averaged DA data suggest that most of the sensory variation is due to the roasting process.
331
The remaining three samples (Normal, Baked, and Underdeveloped) were this dimension (Baked and Underdeveloped) was not statistically significant.
343
The second dimension also highlighted differences between the Scorched and that the aroma and sensory data produced nearly identical product spaces.
364
The only noteworthy difference concerned the distance between the samples 
368
The first MFA dimension again related to the opposition of the Light vs. 
385
In spite of a general agreement regarding relative sample differences, some the Normal roast and all other samples, except for Baked.
413 Table 6 reports the frequency of occurrence of each CATA attributes 414 across the six samples. All terms were used at least once for each sample.
415
Even the attribute with the lowest occurrence (Grass) was used 38 times,
416
indicating that all the attributes were relevant to the consumers. Significant The associations between samples and CATA attributes are visually sum-421 marized in Figure 6 , which shows the bi-plot of the CA performed on the in attribute Strong and Intense, see Table 6 ) to such an extent that it is also Hey/straw ( Figure 6 and Table 6 ).
443
Altough accounting for only 9.5% of the data variance, the second CA 444 dimension provided useful information on the differences of the Normal roast
445
( Figure 6 ). This sample was primarily associated with the attributes Sweet
446
and Caramel, and with two holistic attributes with a positive valence, Pleas-447 ant and Balanced. The latter associations are interesting as they related to 448 absence of defects, and confirm the indications of the hedonic ratings (Table   449 5). The Normal roast was also the most frequently associated with the at-450 tribute Harmonic, though in this case the differences were too close to reach 451 statistical significance (Table 6 ).
452
The Underdeveloped and Baked roast were again poorly described by 453 the model and showed sensory profiles quite similar to the Normal roast,
454
especially in the first dimension ( Figure 6) . However, Table 6 shows some 455 significant differences between these two samples and the Normal roast. The
456
Baked sample was perceived as significantly more Bitter and less Sweet than and, especially, Scorched (Table 1) . This was clearly reflected in the cor-469 responding sensory profiles for these samples which were highest in overall 470 sensory intensity, and scored highest in attributes typically associated with 471 the roasting process.
472
The Normal roast generally obtained values close to average with re-473 spect to sensory attribute intensity and aroma compounds concentration.
474
The aroma compounds most strongly associated with the Normal roast were 
509
The association between the Normal roast and the CATA 
Conclusion
579
This work has investigated common roasting defects in coffee consider- regarding the overall inter-sample differences, and pointed at at a large influ-584 ence of the roasting process in the aroma and sensory profiles of the roasts.
585
The results indicated a significant increase in aroma compound concen- 
